such as Bosch process is used for fabricating the complicated three dimensional structures. However, there are concerns about biocompatibility and complex fabrication process. Recent years, a lot of researches about bio MEMS devices made of polymer have carried out because of biocompatibility and easy to fabricate for three dimensional shape (Tamai, 2015) . However, integration of organic and inorganic materials is difficult because of different characteristics between each material. So, it is necessary to develop a simple integration method for complicated bio MEMS devices.
A bio MEMS device for Optogenetics is as an example of the integrated bio MEMS devices. The purpose of elucidating neural network, one of the most undiscovered organ in human body, is to create treatment method for neural disease such as Alzheimer. The fMRI is used as the method for elucidating about brain (Savoy, 2012) . The function of brain parts, formal lobe, temporal lobe and occipital lobe, are elucidated. However, using the fMRI method, it is difficult to elucidate the role of neuron and neural network system. Neural network formed by neurons in the brain communicates by sending sodium ion and chloride ion as electro signal. Electric stimulation is commonly used in the conventional research for neuron and neural network, however it is difficult to elucidate each neuron's role because of the propagation of electric stimulation. Recently, optogenetics is the novel technique for elucidating neural network. In this method, opsin protein is created in the neuron's ion channel by gene expression (Deisseroth, 2011) . Opsin is one kind of protein and contained in algae such as the Chlamydomonas, Volvox and Natronomonas pharaonic in the natural world. Each opsin has different affection to neuron. For example, channel rhodopsin 2 makes sodium ion pass through when blue light is irradiated. Halorhodopsin makes chloride ion pass through and stop the neuron's activity when orange light is irradiated. It is possible to control neurons activity by Optogenetics.
In conventional methods for Optogenetics, tiny LED or optical fiber is used as light source, and a probe integrated with micro electrodes for measuring neuron's electro reaction (Kobayashi, 2014; Lu, 2012; Kwon 2013) . Fabrication method for tiny electrodes and electrode pads is also developed (Green, 2010; Yand, 2005; Gao, 2013) . A probe-formed MEMS device is also integrated with LED or light guide for stimulating inside of the brain (Tagawa, 2010; Wu, 2013) . However, this kind of devices stimulates multitude neurons because of light disperse. Thus, it is difficult to elucidate each neuron's role in neural network by stimulating each neuron. So, it is necessary to make locally concentrated light power of over 1mW/mm 2 for irradiating to individual neuron. In this study, we propose a fabrication method for three dimensional microstructures combined polymer and inorganic materials. This proposed method is expected that it is useful for research about biology such as Optogenetics field because it is needed to conduct light stimulation and measuring neuron's electric reactions. To stimulate local area in biological tissue and acquire reactions from it, three components which are microelectrodes, microlens and pinholes are integrated on one dish. Usability of the proposed dish is evaluated by measuring electrodes impedance, focal length of microlens and brightness of each lights which is pass through pinhole and microlens. Furthermore, we culture neuron from mouse fetus on same environment as the proposed dish to evaluate its cytotoxicity. Our final goal is to fabricate micro device which is capable of using in animal brain for long term. Therefore, we culture neuron and observe the state of that neuron created neural network to certify that the proposed dish had no cytotoxicity and be used in biological tissue for long term. Furthermore, it is evaluated that proposed method is useful for Optogenetics and expected that allow of local stimulation in neural network.
Principal of integration method for bio MEMS devices

Simple integration method for three dimensional microstructures
Integration method of three dimensional microstructures made of organic and inorganic materials without plasma etching is proposed. By depositing polymer on three dimensional microstructures fabricated by wet etching, three dimensional polymer structure is fabricated without complicated exposure method. In general, rigid exposure value and contact alignment are necessary to form 3D structures by lithography. On the other hand, 3D microstructures are automatically and simply formed due to directly deposit photoresist on the device double as a photomask. Figure 1 shows the principal of light stimulation and neuron's electric reaction measurement on a dish. Electrode pads are fabricated on a glass substrate. Microlenses for creating focused light is distributed in the array of electrode pads. Neurons which create the neural network is place on these electrodes and microlenses. Visible lights having different wave length are focused by each microlenses and irradiated to the local sight in the neural network. Electric reactions of each neuron in the neural network are measured by each electrode pad. The neural network activity is visualized by measuring the neural network's electric reactions. Figure 2 shows the proposed dish integrated with electrode pads and microlenses. A pyrex glass is adopted as a main substrate having high thermal resistance. There are 64 electrode pads fabricated on the center of the pyrex glass substrate within 1 mm square. Since the size of neuron is from 20 to 30 m and the interval of neurons about 50 m, the size of electrode pads is designed to 50 m square and interval of 150 m. Platinum black is electroplated on electrode pads to decrease electric impedance. Four hollows as microlenses are fabricated on the back side of the pyrex glass substrate. Thick negative photoresist SU-8 is deposited on electric wirings to protect wirings and restrict the measuring area. SU-8 is also deposited on the back side of the substrate for fabricating microlenses by using difference of refractive index between pyrex glass and SU-8. Pinholes are fabricated on the microlenses by sputtering and patterning Cr layer. Figure3 Fabrication process of the proposed dish. First, hollows are fabricated by HF wet etching (a). Second, electrodes are fabricated on dish by wet etching using iodine-potassium iodide solution (b). SU-8 3005 is deposited as a polymer layer for protecting on upper-side of the substrate (c), and SU-8 3050 as a polymer layer for forming microlens (d). For each microlens, pinholes are fabricated by patterning Cr layer (e). Finally, platinum black is electroplated (f). Figure 4 shows photographs of the fabricated dish and the center of the dish. 64 electrode pads and electrodes are fabricated. Irradiated light is transmitted through the dish.
Principal of light stimulation and measuring neuron's electro reaction
Fabrication of local light stimulation dish
Dish configuration
Fabrication results
Diameter and depth of the fabricated microlens was measured by a white light interferometer (Bruker AXS Corp.). The diameter of microlens d is about 111.5 m, and the depth hL about 45.5 m. The curvature radius R is calculated by
where Conic constant K is 0. So, radius R is about 56.9 m. Then, the focal length f is calculated by Equation (2). Figure 3 shows fabrication process of the proposed dish. Firstly, Au layer is deposited on each sides of a pyrex glass (Matsunami glass ind.,ltd.). The thickness of Au layer for electrode pads and electrodes is 1000 nm. The thickness of Au layer for protective layer of the hollows as microlenses is 400 nm. Each Au layer is deposited by RF magnetron sputtering (Canon Anelva Corp.). Four hollow patterns having the diameter of 10 m are fabricated on the back side of Au layer by photolithography using positive photoresist s1805 (Rohm and Hass Electronic Materials Corp.) and etching process using iodine-potassium iodide solution composed of iodine and potassium iodide and ultrapure water with ratio of 3:20:250. Then, hemisphere shape for microlenses at the hollow patterns are formed by isotropic wet etching by using hydrofluoric acid. For fabricating electrode pads and electrodes, Au layer is formed by photolithography using s1805 and wet etching using the iodine-potassium iodide solution. Au layer on the back side is etched at same time. For restricting measuring area, SU-8 3005 (Microchem Corp.) is coated on the electrodes except for electrode pad's surface. After SU-8 3005 is cross linked, SU-8 3050 is deposited as the thickness of 100 m on the back side of the substrate by spray coater (Nanotec Corp.). SU-8 3050 is patterned for microlenses by feeding into the hollows fabricated by hydrofluoric acid (Oh, 2010) . On SU-8 3050 layer, Cr layer is deposited by sputtering and wet-etched for 4 pinholes to restrict light passing through the microlenses. Finally, platinum black layer is electroplated on electrode pads by using the electroplating apparatus (Yamamoto-MS corp.). To evaluate the lens surface profile, the lens is transferred by PDMS molding. It is confirmed that there are no cracks and warps on lens's surface observed by a SEM image. Figure 6 shows photographs of the fabricated electrode pads observed by a digital optical microscope and a scanning electron microscope. It is confirmed that platinum black is electroplated for each electrodes on the dish. The impedance of electrode pads measured in KCl solution are shown in Table 1 . The impedance was reduced by electro plating.
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where refraction index of glass n1 is 1.47, and refraction index of SU-8 n2 1.65. The calculated result is about 316 m. Moreover, for evaluating the surface of the microlens, SEM images of the transferred profile of the microlens were taken. The mold was fabricated by PDMS (SILPOT 184, DOW CORNING TORAY) molding. It is confirmed that there are no cracks and warps on lens's surface by the SEM image (Furjes, 2014; Byun 2014 Figure 7 shows schematics of the proposed light irradiation device. The device is composed of a print circuit board, aluminum jigs and two LEDs having the power of 3 W. The LED changes the irradiating wavelength within visible light. The jigs are made of aluminum for heat dissipation from the LEDs. Each jig has alignment structures. Inside the assembled jig is separated into two rooms for installing the LEDs. The fabricated dish is fixed on the top of the light irradiation device for observing neurons by an optical microscope. Figure 8 shows photographs of the fabricated device. Two LEDs are installed in the Al jig. Table 2 shows photographs of visible light irradiated from the LED through the pinhole and the microlens, and the brightness measured by the image analysis. Since the RGB color light is stimulated, the proposed device is expected to locally stimulate neural network with visible light. 
Assembly with light irradiation device
Cell culture on fabricated device
The cytotoxicity of the proposed dish is depended on surface materials which is touched cells or medium. Thus, it is necessary to evaluate the effects from surface materials to neurons. Almost the proposed dish surface was covered by SU-8. Cytotoxicity about surface materials was evaluated for each kind of cells (Hennemeyer, 2008) . In this research, cytotoxicity for neurons was evaluated by cell culture.
The purpose of this research is to measure the electrical reaction from neurons. Thus, it is necessary that neurons maintain their function on the fabricated dish. Neurons which was cone cell from mouse fetus were placed on materials used for the proposed dish, and cultured over one week. In general, normal neurons connect each other by making axis cylinders and create neural network. So, the cytotoxicity of surface materials was evaluated by observing the growth of axis cylinders between each neuron.
An inverted microscope is suitable to observe neurons. However, the proposed dish has Cr layer on the back side of the substrate and it is difficult to observe neurons by using the inverted microscope. So, we fabricated a cytotoxicity test dish having same condition without Cr layer. Figure. 9 shows the fabrication process of the test dish for evaluating cytotoxicity of the proposed dish. First, Au electrodes were patterned. Second, SU-8 layer was formed by photolithography. Then, glass ring was adhered for fabricating chamber for cell culture. Finally, Platinum black was electroplated on each electrode pads. Figure 10 shows the fabricated dish which is visible to use the inverted microscope.
For finding optimum condition for neurons, three items were compared. First, the hard bake temperature for SU-8 was modified from 120 °C to 200 °C. Second, adhesive agent was modified epoxy resin (Duralco 7050-2, TAIYO WIRE CLOTH) or PDMS (SILPOT 184, DOW CORNING TORAY). Third, coating material was modified Poly-D-lysine or Nutragen collagen. Poly-D-lysine is one of the basic amino acid and support to connection between substrate and neurons by ion binding. Nutragen collagen is made of skins from cattle. Figure 11 shows the neurons cultured over one week on the fabricated test dish. On a general polystyrene dish, there were a lot of neurons and axis cylinders. (Fig. 11a) On the test dish having 120 °C hard bake and using epoxy resin (Duralco 7050-2, TAIYO WIRE CLOTH) for adhesive agent and using only Poly-D-lysine, there were no axis cylinders and neural network was not created. (Fig. 11b ) When using 200 °C hard baked SU-8 and Poly-D-lysine and Nutragen collagen, it was succeeded to create neural network on the test dish. (Fig 11c) This result was seemed to be caused by changing temperature of hard baking for SU-8. Since the proposed dish is fabricated by same fabrication process, it is possible to create neural network on the proposed device. 
Conclusions
We proposed a simple integration method for polymer MEMS device to fabricate three dimensional microstructures without complicated exposure method and contact alignment. Electrode pads, microlenses and pinholes were integrated in center of the fabricated dish within the area of 1 mm square for optogenetics. After combining the fabricated dish and the light source device, light irradiation through microlenses were evaluated by a fluorescent microscope and the brightness were suitable for stimulating neurons. Neurons from mice cultured on same surface of the fabricated cytotoxicity test dish were created neural network, it was shown that proposed dish had high bioavailability for neurons. From these results, the proposed method is expected to be utilized for fabricating bio device especially which is for neuro science such as optogenetics researches.
